SEMICONDUCTOR DEVICE AND METHOD OF FABRICATING SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
device including a MOSFET (Metal-Oxide-Semiconductor- 
Field-Effect-Transistor) that uses an SOI (Silicon-On- 
Insulator) substrate and a method of fabricating the same. 

2. Description of the Related Art 

A MOSFET that uses an SOI substrate offers 
advantages over an ordinary bulk MOSFET. The reduction of 
parasitic capacitance improves circuit performance because 
no p-n junction exists on the bottom regions of source and 
drain regions. In addition, undesirable performance such 
as latch-up and so on, which is caused by a parasitic 
element , can be eliminated because an element is 
completely separated from adjacent elements on the SOI 
substrate . 

There are two types of SOI , that is , a fully 
depleted type (hereinafter referred to as FD (Fully 
Depleted) type) and a partially depleted type (hereinafter 
referred to as PD (Partially Depleted) type). The FD type 
offers advantages in that since there is no depletion 
layer capacitance, when a voltage is applied to a gate, a 
precipitous channel formation can be realized, that is, 
precipitous sub- threshold characteristics can be realized; 
and a short channel effect can be largely suppressed due 
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to the thickness of the silicon layer on a buried oxide 
layer (hereinafter referred to as BOX layer) . 

In a semiconductor device using an SOI substrate, a 
silicon layer is completely insulated from a substrate by 
the BOX layer. This causes a substrate floating effect. 
By the substrate floating effect, holes are generated and 
remain in a body region of the silicon layer when carriers 
(electrons in the case of NMOS) induce collision 
ionization in the neighborhood of a drain region. Such 
remaining holes increase a body voltage and cause an 
increase of a drain current. As a result, a breakdown 
voltage between source and drain regions is lowered. 
Additionally, such a variation of the body voltage causes 
undesirable performance when the current largely varies 
with respect to a voltage, in particular in the case of an 
analog circuit . 

In a semiconductor device using an SOI substrate, in 
order to suppress the substrate floating effect, a method 
of fixing a body voltage is used. The method of fixing 
the body voltage is disclosed in, for example, Kokai 
(Japanese unexamined patent publication) No. 3-94471. In 
the method, a high concentration extracting region (a p + 
layer in the case of NMOS) is in contact with a source 
region and an end portion of a body region in which an 
electrically conducting channel is formed, and the high 
concentration extracting region is formed along the 
surface of the silicon layer (SOI layer). The remaining 
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holes are thereby extracted and the increase of the body 
voltage is inhibited from occurring. 

According to the method described above. However, 
since the extracting region is necessary to be formed 
adjacent to the source region, a decrease in the degree of 
integration results. Such a decrease in the degree of 
integration is very disadvantageous in an LSI that is 
integrated with a gate width of approximately 0.2 [xm. In 
this point, as described in Kokai No. 3-94471, it is 
disclosed that since the layer of the extracting region is 
disposed below the layer of the source and drain regions 
in the semiconductor device, the decrease in the degree of 
integration can be avoided. Technically it is possible to 
fabricate a PD type of SOI MOSFET having such a structure 
when the silicon layer which constitutes the SOI MOSFET is 
thick. However, there is a problem in that it is 
difficult to fabricate a FD type of SOI MOSFET having such 
a structure when the silicon layer is thick. 

SUMMARY OF THE INVENTION 

The present invention intends to provide a 
semiconductor device which can suppress a substrate 
floating effect without causing a decrease in the degree 
of integration and a method of fabricating the same. 

According to one aspect of the invention, the 
invention is a semiconductor device. The semiconductor 
device has a Silicon-On- Insulator structure which includes 
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a semiconductor layer formed on an insulator, and has at 
least one Metal-Oxide- Semiconductor- Field-Effect - 
Transistor (MOSFET) element. The MOSFET element comprises 
a source region; a drain region which is opposed to the 
source region; a body region disposed between the source 
region and the drain region; a gate region positioned on 
or close to a surface of the body region, so as to form an 
electrically conducting channel in the body region; and an 
extracting region being in contact with both of the body 
region and the source region. The extracting region has a 
conductivity type which is the same as a conductivity type 
of the body region and has a concentration higher than 
that of the body region . 

According to other aspect of the invention, the 
invention is a method of fabricating a semiconductor 
device. The semiconductor device has a Silicon-On- 
Insulator structure which includes a semiconductor layer 
formed on an insulator, and has at least one MOSFET 
element. The MOSFET element comprises a source region; a 
drain region which is opposed to the source region; a body 
region disposed between the source region and the drain 
region; and a gate region positioned on or close to a 
surface of the body region, so as to form an electrically 
conducting channel in the body region. The method 
comprises the step of introducing impurities using a mask 
covering an area above the drain region to form an 
extracting region being in contact with both of the body 
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region and the source region. The extracting region has a 
conductivity type which is the same as a conductivity type 
of the body region and has a concentration higher than 
that of the body region. 

According to further other aspect of the invention, 
the invention is a method of fabricating a semiconductor 
device. The semiconductor device has a Silicon-On- 
Insulator structure which includes a semiconductor layer 
formed on an insulator, and has at least one MOSFET 
element. The MOSFET element comprises a source region; a 
drain region which is opposed to the source region; a body 
region disposed between the source region and the drain 
region; and a gate region positioned on or close to a 
surface of the body region, so as to form an electrically 
conducting channel in the body region. The method 
comprises the step of introducing impurities by an oblique 
ion implantation using the gate region as a mask to form 
an extracting region being in contact with both of the 
body region and the source region. The extracting region 
has a conductivity type which is the same as a 
conductivity type of the body region and has a 
concentration higher than that of the body region. 

According to the present invention, it is possible 
to provide the extracting region which extracts the 
remaining carriers caused by the substrate floating effect, 
without lowering the degree of integration. In addition. 
The extracting region can be provided not only in the PD 
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type SOI but also in the FD type SOI . 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is schematic sectional view of a 
semiconductor device in a first embodiment. 

Fig. 2 is a schematic sectional view in a step of 
preparing an SOI substrate. 

Fig. 3 is a schematic sectional view in a step of 
forming a sacrificial oxide film, 

Fig. 4 is a schematic sectional view in a step of 
controlling a thickness of an SOI layer, 

Fig. 5 is a schematic sectional view in a step of 
forming a pad oxide film. 

Fig. 6 is a schematic sectional view in a step of 
forming a nitride film. 

Fig. 7 is a schematic sectional view in a step of 
forming an element isolation film, 

Fig. 8 is a schematic sectional view in a step of 
exposing the SOI layer, 

Fig. 9 is a schematic sectional view in a step of 
forming a gate oxide layer. 

Fig. 10 is a schematic sectional view in a step of 
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implanting low concentration ions into the SOI layer. 

Fig. 11 is a schematic sectional view in a step of 
forming a polysilicon film. 

Fig. 12 is a schematic sectional view in a step of 
implanting ions in the polysilicon film. 

Fig. 13 is a schematic sectional view in a step of 
forming a gate region. 

Fig. 14 is a schematic sectional view in a step of 
forming an ion implantation region for an extension region. 

Fig. 15 is a schematic sectional view in a step of 
forming an ion implantation region for an extracting 
region. 

Fig. 16 is a schematic sectional view in a step of 
forming a gate electrode. 

Fig. 17 is a schematic sectional view in a step of 
implanting impurity ions in source and drain regions. 

Fig. 18 is a schematic sectional view in a step of 
performing impurity activation by heat treatment. 

Fig. 19 is a schematic sectional view in a step of 
forming a refractory metal film, 

Fig. 20 is a schematic sectional view in a step of 
forming a silicide film. 

Fig. 21 is a schematic sectional view of a 
semiconductor device in a second embodiment , 

Fig. 22 is a schematic sectional view in a step of 
forming an ion implantation region for an extension region, 

Fig. 23 is a schematic sectional view in a step of 
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forming an ion implantation region for an extracting 
region. 

Fig. 24 is a schematic sectional view in a step of 
forming a gate electrode. 

Fig. 2 5 is a schematic sectional view in a step of 
implanting impurity ions in source and drain regions. 

Fig. 26 is a schematic sectional view in a step of 
performing impurity activation by heat treatment. 

Fig. 27 is a schematic sectional view of a 
semiconductor device in a third embodiment , 

Fig. 28 is a schematic sectional view in a step of 
forming an ion implantation region for a defect layer, and 

Fig. 29 is a schematic sectional view in a step of 
forming the extracting region and the defect layer. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the invention will be explained in 
detail with reference to the attached drawings. 
<First embodiment > 

Fig. 1 shows a sectional view in a first embodiment 
of a semiconductor device according to the present 
invention. In the drawing, a structure of one MOSFET, 
which is included in a semiconductor device 1, is shown. 
The semiconductor device 1 is not restricted to being 
constituted of one MOSFET, and may be constituted of a 
plurality of MOSFETs. 

A MOSFET of the semiconductor device 1 includes a Si 
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substrate 10; a BOX layer 20 disposed on the Si substrate 
10; a SOI layer 30 or a body region disposed on the BOX 
layer 20; a source region 70 formed by ion- implanting in 
the SOI layer 30; a drain region 72 formed by ion- 
implanting in the SOI layer 30; and a gate region having a 
polysilicon film 50 disposed on a gate oxide layer 40 
which is formed on the SOI layer 30. The MOSFET 
constitution may be either a PMOS type or an NMOS type. A 
thickness of the SOI layer 30 may be, for instance, 0.05 
|xm . 

A silicide film 80A and a contact metal 86A are 
disposed above the source region 70 in this order, and a 
current -conducting path is thereby formed between the 
source region 70 and the outside. A silicide film 80B and 
A contact metal 86B are disposed above the drain region 72 
in this order, and a current -conducting path is thereby 
formed between the drain region 72 and the outside. A 
silicide film 82 and a contact metal (not shown in the 
drawing) are disposed above the polysilicon region 50 in 
this order, and a voltage is thereby enabled to apply to 
the polysilicon region 50 from the outside, and a gate 
electrode is formed. Sidewall spacers 6 OA and 60B are 
disposed on both sides of the polysilicon region 50 on the 
gate oxide layer 40. 

Extension regions 71A and 71B are disposed in the 
downward neighborhood of the side wall spacers 60A and 60B, 
and are spaced from the side wall spacers 60A and 60B by 



- 9 - 



the gate oxide layer 40. The extension regions 71A and 
71B includes LDD (Lightly Doped Drain) regions that 
suppress a short channel effect. 

On both sides of the MOSFET, element isolation films 
49A and 49B are respectively disposed adjacent to the 
source region 70 and the drain region 72, and laterally 
isolate the MOSFET element from other MOSFET elements (not 
shown in the drawing) in the semiconductor device 1. The 
SOI layer 30 is disposed between the source and drain 
regions 70 and 72. Furthermore, on the above-mentioned 
respective layers, NSG (Non-Doped Silicate Glass) 84 is 
disposed as a protective layer. 

An extracting region 73 is disposed so as to be in 
contact with only both of the source region 70 and the 
body region 30, and extends to the SOI layer 30. The 
extracting region 73 does not directly join with the 
silicide film 80A. Furthermore, the extracting region 73 
is formed thinner than that of the SOI layer 30 and is 
preferably formed so as to extend from a lower portion of 
the source region 70 in the neighborhood of the BOX layer 
20. Therefore, the extracting region 73 do not disturb 
the LDD region or the formation of the electrically 
conducting channel in the SOI layer 30. A thickness of 
the extracting region 73 is set at a 0.025 (Ltm relative to 
the SOI layer 30 having a thickness of, for instance, 0.05 
(im. The extracting region 73 is formed with a 
conductivity type (p type or n type) the same as that of 
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the body region and with a impurity concentration higher 
than that of the body region. For instance, in the case 
of an NMOS, the extracting region 73 is formed into a p + 
region that is doped with an impurity concentration higher 
than that of the body region that is a p" region. 

Behavior of the carriers in the above configuration 
will be explained assuming that the present semiconductor 
device 1 is an NMOS type semiconductor. In this case, 
electrons drift from the source region 70 of an n + region 
to the channel formation region of the SOI layer 30 of a 
p" region and go through to the drain region 72 of an n + 
region. At this time, a part of electrons collides with a 
potential barrier of the drain region 72 and induces 
ionization, and holes are thereby generated. 

It is conceivable that such holes is surrounded by 
the potential barriers at the junction between the p" 
region of the SOI layer 30 and the n + region of the source 
region 70 and at the junction between the p" region and 
the drain region 72, and that the holes are not exhausted 
and becomes remaining holes in the ordinary configuration. 
On the other hand, in the present configuration, the holes 
easily penetrate through from the SOI layer 30 of a p" 
region to the extracting region 73 of a p + region. The 
holes that have penetrated through to the extracting 
region 73 further go through to the source region 70 of an 
n + region and go out due to diffusion or recombination 
with electrons. This is realized when the holes move to 
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the source region 70 by a tunnel effect at the junction 
between the extracting region 73 of a p + region and the 
source region 70 of an n + region. Such tunnel effect is 
generated owing to a narrow depletion layer formed by a 
precipitous potential variation formed by the junction 
between a p+ region and an n+ region. The above-mentioned 
behavior of the remaining carriers is the same also in 
remaining electrons in the case of a PMOS. 

Each of Figs. 2 through 20 shows a sectional view of 
a semiconductor device in each of steps of a fabricating 
method of a semiconductor device in a first embodiment. 

First, with reference to Figs. 2 through 4, a 
fabricating method of an SOI substrate will be explained. 
As shown in Fig. 2, a substrate made of a silicon 
substrate 10, a buried oxide layer (BOX layer) 20, and a 
SOI layer (silicon layer) 30a is prepared. Next, a 
surface of the SOI layer 30a of the substrate is oxidized, 
and sacrificial oxide film 31 shown in Fig. 3 is thereby 
formed on the SOI layer 30a. The sacrificial oxide film 
31 is removed by etching. As a result, on the buried 
oxide film 20, an SOI substrate that has an SOI layer 30 

whose thickness is controlled to approximately 0.05 \xm is 
formed (Fig. 4 ) . 

In the next step, a surface of the SOI layer 30 is 
oxidized and pad oxide film 32 is thereby formed (Fig. 5) . 
Furthermore, on an entire surface of the pad oxide film 32, 
a silicon nitride film is deposited. In a 
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photolithography process, A resist film (organic 
photosensitive resin) is coated on the silicon nitride 
film, and is exposed to light and then is developed. As a 
result, a nitride film 33 shown in Fig. 6 is formed in a 
device formation region. Still furthermore, when heat 
treatment is applied in an atmosphere of oxygen, the 
surface of the SOI layer 30 is oxidized in a region that 
is not covered by the nitride film 33, and thereby element 
isolation films 49A and 49B called field oxide films are 
formed (Fig. 7). Thereafter, the nitride film 33 and the 
pad oxide film 32 are removed by etching, and thereby, as 
shown in Fig. 8, a top surface of the SOI layer 30 is 
exposed. The above-mentioned method of forming the 
element isolation films 49A and 49B is called LOCOS (Local 
Oxidation of Silicon). In the present process, the LOCOS 
is used. A trench isolation technique such as STI 
(Shallow Trench Isolation) and the like may be used 
instead of the LOCOS. 

In the next stage, as shown in Fig. 9, a gate oxide 
layer 40 is formed on the SOI layer 30 in a thermal 
oxidation process. Furthermore, resist films 41A and 4 IB 
shown in Fig. 10 are formed in a photolithography process, 
and p type impurity ions for control of threshold voltage 
are implanted into the SOI layer 30 at a low concentration 
through the gate oxide layer 40, followed by removing the 
resist films 41A and 41B. In the case of fabrication of a 
PMOSFET, n type impurity ions are implanted in place of 
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the p type impurity ions - 

Subsequently, as shown in Fig. 11, in a low-pressure 
CVD (Chemical Vapor Deposition) method, a polysilicon film 
50a is deposited on an entire surface of the gate oxide 
layer 40. Furthermore, as shown in Fig. 12, resist films 
51A and 5 IB are formed in the photolithography process 
such that a device formation region may be opened, and 
then impurity ions are introduced into the polysilicon 
film 50a. In photolithography and etching processes, as 
shown in Fig. 13, a polysilicon film 50 that constitutes a 
gate electrode is patterned so as to have a gate length of 

approximately 0.15 ^m. 

Subsequently, as shown in Fig. 14, in a 
photolithography process, resist films 52A and 52B are 
formed, and then n type impurity ions such as phosphorus 
are implanted into the SOI layer 30 using the polysilicon 
film 50 and the element isolation films 49A and 49B as 
masks, at a relatively low concentration, for example, at 
the dose of approximately 1 x 10 13 to 1 x 10 15 /cm 2 resulting 
in the concentration of approximately 1 x 10 18 to 1 x 
10 20 /cm 3 . As a result, ion implantation regions 71Aa and 
71Ba for extension regions are formed self -aligned to the 
polysilicon film 50. Thereafter, the resist films 52A and 
52B are etched and removed. Furthermore, as shown in Fig. 
15, in a photolithography process, resist films 53A and 
53B are formed such that one ion implantation region 71Aa 
alone is exposed. With an ion implantation depth and a 
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concentration distribution controlled, p type impurity 
ions such as boron (B) or boron fluoride (BF 2 ) are 
implanted into the silicon layer 30 at a relatively high 
concentration, for example, at the dose of approximately 3 
x 10 14 to 1 x 10 15 /cm 2 resulting in the concentration of 
approximately 1 x 10 19 to 1 x 10 20 /cm 3 . As a result, an ion 
implantation region 73a for an extracting region described 
later is formed below the ion implantation region 71Aa. 
In the above explanation of the present embodiment, with 
the ion implantation depth and the concentration 
distribution controlled, the ion implantation process for 
the extension regions (LDD region) and the ion 
implantation process for the extracting region are 
consecutively performed. The present invention is however 
not restricted on such process order. 

Subsequently, The resist films 53A and 53B are 
removed by etching, and then a silicon nitride film or 
non-doped silicon oxide (NSG) is deposited on an entire 
surface in the CVD method. Thereafter, the silicon 
nitride film or the NSG is etched back by performing 
anisotropic dry etching with high etching rate in the 
depth direction of the SOI layer 30. As a result, as 
shown in Fig. 16, sidewall spacers 60A and 60B are formed 
on both sides of the polysilicon film 50, and a gate 
electrode including the gate oxide layer 40, polysilicon 
film 50 and sidewall spacers 60A and 60B is formed. 

Thereafter, as shown in Fig. 17, resist films 74A 
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and 74B are formed in a photolithography process, and then 
n type impurity ions are implanted into the exposed 
surface of the SOI layer 30 in the both sides of the gate 
electrode using the gate electrode and the element 
isolation films 49A and 49B as masks, at a relatively high 
concentration, for example, at the dose of approximately 1 
x 10 15 /cm 2 resulting in the concentration of approximately 
2 x 10 20 /cm 3 . As a result, ion implantation regions 70a 
and 7 2a for source and drain regions are formed self- 
aligned to the gate electrode. These ion implantation 
regions 70a and 72a reach up to a top surface of the 
buried oxide film 20 in a depth direction of the SOI layer 
30. Thereafter, the resist films 74A and 74B are removed 
by etching. 

Furthermore, by performing heat treatment such as 
RTA (Rapid Thermal Annealing) or the like, impurities 
introduced in the ion implantation regions 70a, 72a, 71Aa, 
71Ba, and 73a are activated. As a result, as shown in Fig. 
18, in the SOI layer 30 and in both sides of the gate 
electrode, a source region 70 and a drain region 72 (n + 
diffusion layer) of high concentration are formed, and 
extension regions 71A and 7 IB (n~ diffusion layer) of low 
concentration, which are in contact with the source and 
drain regions 70 and 72 respectively and extend to the 
region below the gate electrode, are formed in a 
relatively shallow region. In addition, a extracting 
region 7 3 (a p + diffusion layer having a layer thickness 
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of approximately 0.025 fxm) of high concentration is formed 
below one extension region 71A and in contact with the 
source region 70. Here, a region surrounded by the 
extension regions 71A and 7 IB and the extracting region 73 
in the SOI layer 30 forms so-called body region (p" 
diffusion layer) . In the explanation below, the SOI layer 
30 will be referred to as the body region 30. In the 
embodiment, the ion implantations for the source and drain 
regions 70 and 72, extension regions 71A and 71B and the 
extracting region 73 are sequentially performed. 
Thereafter heat treatment is performed and the implanted 
impurities are thereby activated. Each of the ion 
implantations for the source/drain region, the extension 
regions and the extracting region may be followed by heat 
treatment . 

Subsequently, a refractory metal such as cobalt, 
titanium or nickel is deposited on an entire surface in 
the sputtering process, and as shown in Fig. 19, a 
refractory metal film 7 5 is thereby formed. By performing 
the heat treatment, only silicon, which is in contact with 
the refractory metal film 75, selectively reacts with the 
refractory metal and forms so-called silicide. Thereafter, 
un-reacted refractory metal is removed by wet etching, and 
as shown in Fig. 20, silicide films 80A, 80B and 82 are 
thereby formed self -aligned in the neighborhood of a top 
surface of the source and drain regions 70 and 7 2 and in 
the neighborhood of a top surface of the polysilicon film 
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50 respectively. When heat treatment is further performed, 
a crystal structure of the silicide films 80A, 80B and 82 
can be stabilized and lower resistance can be realized. 

Thereafter, an interlayer insulating film made of 
non-doped silicon oxide is deposited on an entire surface. 
In photolithography and anisotropic etching processes, 
contact holes 85A and 85B (Fig. 1) that reach the silicide 
films 80A and 80B are formed in the interlayer insulating 
film. In the next place, wiring materials (contact metal) 
86A, 86B are buried in the contact holes 85A and 85B, and 
a lower interconnecting layer is thereby formed. 
Furthermore, a single or a plurality of upper wiring 
layers may be disposed above the lower interconnecting 
layer . 

As explained above, in the first embodiment, the 
semiconductor device is provided with the extracting 
region 73 not below the source and drain regions but below 
the channel formation portion in the neighborhood of the 
source region 73. The extracting region 73 is not in 
direct contact with the source contact 86A or the silicide 
film 80A but in contact with the source region 70. In the 
case of an NMOS, a p + region and an n + region join, which 
are high concentration regions of different conductivity 
types from each other, are in junction with each other. 
Accordingly, a structure in which a tunnel current can 
easily get over a potential barrier and flow out can be 
obtained. Such the extracting region 73 is formed in a 
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depth direction of the silicon layer. Accordingly, there 
is no increase in an element area that causes the lowering 
of the degree of integration- Furthermore, since such the 
extracting region 73 is not formed below the source region 
70, the device structure of the embodiment can be obtained 
not only in a PD type SOI but also in an FD type SOI that 
has a thin silicon layer. 
< Second embodiment > 

Fig. 21 shows a sectional view of a semiconductor 
device in a second embodiment according to the present 
invention. In the drawing, a structure of one MOSFET that 
is included in semiconductor device 2 is shown. The 
semiconductor device 2 is not restricted to being 
constituted of one MOSFET, but may be constituted of a 
plurality of MOSFETs . 

The semiconductor device 2 is the same as the 
semiconductor device 1 (Fig. 1) in the first embodiment 
except for a position and a dimension of the extracting 
region 73. The extracting region 73 is disposed so as to 
extend from a lower portion of the source region 70 toward 
the SOI layer 30. The extracting region 73 in the present 
embodiment is disposed so as to extend from a vertical 
boundary line between the sidewall spacer 60A and the 
polysilicon layer 50 to a region directly below the gate 
oxide layer 40. Therefore, the extracting region 73 
extends close to the neighborhood of a electrically 
conducting channel to be formed in the body region 30. 
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Figs. 22 through 26 show the respective sectional 
views of the semiconductor device in the respective steps 
of a fabricating method of the semiconductor device in the 
second embodiment . 

First, steps the same as those of Figs. 2 through 14 
in the first embodiment are performed. As a result, as 
shown in Fig. 22, ion implantation regions 71Aa and 71Ba 
for extension regions are formed self -aligned in the 
neighborhood of a top surface of the SOI layer 30 in both 
sides of the polysilicon layer 50. 

Subsequently, By performing an oblique ion 
implantation with an ion implantation depth and a 
concentration distribution controlled, p type impurity 
ions are obliquely implanted using the polysilicon film 50 
and element isolation films 49A and 49B as masks at a 
relatively high concentration, for example, at the dose of 
approximately 3 x 10 14 to 1 x 10 15 /cm 2 resulting in the 
concentration of approximately 1 x 10 19 to 1 x 10 20 /cm 3 . 
Therefore, an ion implantation region 73Aa for the 
extracting region, which extends toward the region below 
the polysilicon film 50, is formed below the ion 
implantation region 71Aa. At the same time, an ion 
implantation region 73Ba is formed below the other ion 
implantation region 71Ba and laterally apart from the 
polysilicon film 50 (Fig. 23). 

In the next place, after the resist films 52A and 
52B are removed by etching, a silicon nitride film or non- 
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doped silicon oxide is deposited on an entire surface in 
the CVD method. Thereafter, the silicon nitride film or 
the non-doped silicon oxide is etched back by performing 
anisotropic dry etching with high etching rate in a depth 
direction of the SOI layer 30. As a result, as shown in 
Fig. 24, sidewall spacers 60A and 60B are formed on both 
sides of the polysilicon film 50, and a gate electrode 
including the gate oxide layer 40, the polysilicon film 50 
and the sidewall spacers 60A and 60B is formed. 

Thereafter, as shown in Fig. 25, resist films 76A 
and 76B are formed in a photolithography process. 
Thereafter, by performing an ion implantation using the 
gate electrode and the element isolation films 49A and 49B 
as masks , n type impurity ions is implanted into an 
exposed surface of the SOI layer 30 in both sides of the 
gate electrode at a relatively high concentration, for 
example, at the dose of approximately 1 x 10 15 /cm 2 
resulting in the concentration of approximately 2 x 
10 20 /cm 3 . As a result, ion implantation regions 70a and 
72a for source and drain regions are formed self -aligned. 
These ion implantation regions 70a and 72a reach up to a 
top surface of the buried oxide film 20 in a depth 
direction of the SOI layer 30. Thereafter, the resist 
films 76A and 76B are removed by etching. 

Furthermore, by performing heat treatment such as 
the RTA or the like, impurities introduced in the ion 
implantation regions 70a, 72a, 71Aa, 71Ba, and 73Aa are 
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activated. As a result, as shown in Fig. 26 , the source 
region 70 and drain region 72 (n + diffusion layer) of high 
concentration are formed in the SOI layer 30 in both sides 
of the gate electrode, and extension regions 71A and 71B 
(n" diffusion layer) of low concentration, which are in 
contact with the source and drain regions 70 and 72 and 
extend to the region below the gate electrode, are formed 
in a relatively shallow region. Furthermore, an 
extracting region 73 (a p + diffusion layer having a layer 
thickness of substantially 0.025 ^m) of high concentration, 
which is in contact with the source region 70, is formed 
in a relatively deep region below one extension region 71A. 
Subsequently, similarly to the fabricating method in the 
first embodiment, a lower interconnecting layer is formed, 
and the semiconductor device 2 in the present embodiment 
shown in Fig. 21 is thereby fabricated. 

As mentioned above, the semiconductor device 2 in 
the second embodiment can provide advantages similar to 
that in the semiconductor device 1 in the first embodiment. 
Furthermore, since the oblique ion implantation is used in 
the step of ion implantation for the extracting region 
(Fig. 23), the resist films 52A and 52B, which is used in 
the step of the ion implantation for the extension region 
(Fig. 22), can be diverted to the step of the oblique ion 
implantation. Therefore, there is an advantage in that 
the step of forming a photosensitive mask covering the 
drain region is unnecessary. Furthermore, since the 
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oblique ion implantation is performed to form the 
extracting region, the extracting region 73 on the source 
side can be formed so as to extend more toward the body 
region 30, that is, the extracting region 73 can be formed 
toward the neighborhood of the electrically conducting 
channel in the body region 30. Accordingly, the 
extracting effect can be more expected. 
<Third embodiment > 

Fig. 2 7 shows a sectional view of a semiconductor 
device in a third embodiment according to the present 
invention. In the drawing, the structure of one MOSFET 
that is included in semiconductor device 3 is shown. The 
semiconductor device 3 is not restricted to being 
constituted of one MOSFET, but may be constituted of a 
plurality of MOSFETs . 

The semiconductor device 3 is similar to the 
semiconductor device 1 (Fig. 1) in the first embodiment in 
that it is provided with the extracting region 73. The 
semiconductor device 3 is different from the semiconductor 
device 1 in that defect layer 90 is further provided. The 
defect layer 90 is disposed in the neighborhood of the 
extracting region 73 and laterally adjacent to the 
extracting region 73 and the source region 70. The defect 
layer 90 can be formed by generating lattice defects by 
ion-implanting a heavy element such as Si or As. In the 
defect layer 90, defect levels are formed, and therefore 
probability of recombination of electrons and holes can be 
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heightened. 

Figs. 28 and 29 show schematic sectional views in 
the respective fabricating steps of the semiconductor 
device 3 in the third embodiment . 

First, steps similar to that shown in Figs. 2 
through 14 in the first embodiment are performed. 
Subsequently, with an ion implantation depth and 
concentration distribution controlled, heavy metal ions 
such as silicon or arsenic are implanted. Thereby, as 
shown in Fig. 28, an ion implantation region 90a for the 
defect layer is formed below the ion implantation region 
71Aa. 

Subsequently, a step similar to that shown in Fig. 
17 in the first embodiment is performed, and an ion 
implantation region for the source/drain region is thereby 
formed. The implanted impurities are activated by 
performing heat treatment such as the RTA. As a result, 
as shown in Fig. 29, source region 70 and drain region 72 
(n + diffusion layer) of high concentration are formed in 
the SOI layer 30 in both sides of the gate electrode. At 
the same time, extension regions 71A and 71B (n* diffusion 
layer) of low concentration, which are in contact with the 
source and drain regions 70 and 72 and extend toward the 
region below the gate electrode, are formed in a 
relatively shallow region. A extracting region 73 (a p + 
diffusion layer having a layer thickness of approximately 
0.025 fxm) of high concentration, which is in contact with 
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the source region 70, are formed in a relatively deep 
region below one extension region 71A. Furthermore, a 
defect layer 90 having the thickness of approximately 0.02 
|xm is formed in contact with both of the extracting region 
73 and the source region 70. Subsequently, similarly to 
the fabricating method involving the first embodiment, a 
lower interconnecting layer is formed. Consequently, the 
semiconductor device 3 involving the present embodiment 
shown in Fig. 27 is fabricated. 

The ion implantation region for the extracting 
region may be formed by using the above-mentioned method 
in the second embodiment instead of the method in the 
present embodiment . 

As mentioned above, in the third embodiment, the 
semiconductor device 3 according to the invention can 
provide advantages similar to that of the semiconductor 
device 1 according to the first embodiment. Furthermore, 
since the defect layer 90 remains in the neighborhood of 
the source region 70 and the extracting region 73, 
remaining carriers in the body region 30 can be extracted 
more effectively than in the first and second embodiments. 
The holes are extracted through the defect levels in the 
defect layer 90. Since the high concentration regions 
(the source region and the extracting region) of different 
conductivity types are in junction with each other, the 
extraction of the holes can be more effectively performed 
at the junction. Accordingly, further suppression of the 
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substrate floating effect can be expected. 

The Embodiment 1 through 3 are explained mainly of 
the semiconductor devices including an NMOSFET. However, 
the present invention can be applied not only to 
semiconductor devices including an NMOSFET but also to 
semiconductor devices including a PMOSFET . 

The present invention has been explained with 
reference to preferable embodiments. It should be 
understood that one skilled in the art might think of 
various modifications and alterations. Such modifications 
and alterations all are included in the scope of attached 
claims . 

This application is based on a Japanese patent 
application No. 2003-106793 which is hereby incorporated 
by reference. 
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